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whether chondrons from affected cartilage also produce better cartilage
compared to chondrocytes. In addition, the inﬂuence of harvest location
in the knee was investigated.
Methods: Cartilage tissue was harvested from goats in which the medial
cartilage surface of the femur of the right knee was grooved and the left
knee was not operated. Harvest locations were the medial and lateral
condyles on both the tibial and femoral plateau of both knees. Part
of the tissue was used for chondrocyte isolation and the other part
for chondron isolation. Directly after isolation, the cells and chondrons
were seeded at high density (1.26*106 cells per cm2) on collagen-coated
culture inserts in a 24-wells transwell system. After 4 weeks of culture,
glycosaminoglycan (GAG), collagen and DNA content were determined
using a DMMB, hydroxyproline and Picogreen assay, respectively.
Results: Cartilage regenerated from chondrons isolated from the grooved
surface, the medial femoral condyle of the right knee, conatined less
GAGs and collagen compared to tissue generated from chondrons from
the same location in the nonoperated knee (P < 0.01). Chondrons from
the lateral femoral condyle of the grooved knee produced more GAGs
and collagen compared to the grooved surface chondrons (P < 0.01),
but less compared to chondrons from the lateral femoral condyle of
the nonoperated knee (P < 0.01). Chondrons from both lateral condyles
produced more GAGs and collagen compared to the medial condyle
chondrons (P < 0.01). The same pattern was shown for chondrons isolated
from the tibial locations, but the amount of matrix produced was lower
compared to the femoral locations.
When chondrocytes were used for in vitro cartilage regeneration,
less pronounced differences were noted. Collagen production by
chondrocytes isolated from the grooved medial femur was lower
compared to chondrocytes from the lateral femoral condyle of the right
knee and from the medial femoral condyle of the nonoperated knee
(P < 0.01). Moreover, for all locations, chondrocytes produced less GAGs
and collagen compared to chondrons isolated from the same locations
(P < 0.001).
Conclusions: Chondrons performed better in cartilage production
compared to chondrocytes. Moreover their regenerative capacity clearly
reﬂects whether they were isolated from affected or healthy cartilage.
The femoral lateral condyle seems the optimal harvest site for chondrons
for cartilage tissue engineering applications, at least in goats. Although
only the femoral medial condyle of the right knee was grooved,
chondrons from all the locations in the right knee seemed affected,
suggesting that this model induces changes in the whole knee joint.
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17b-ESTRADIOL INHIBITS THE DOXORUBICIN-INDUCED ACTIVATION
OF VOLUME-SENSITIVE CL− CURRENT IN ISOLATED RABBIT
ARTICULAR CHONDROCYTES
K. Kumagai, S. Imai, F. Toyoda, N. Okumura, E. Isoya, H. Matsuura,
Y. Matsusue. Shiga Univ. of Med. Sci., Otsu City, Shiga, Japan
Purpose: Chondrocyte apoptosis contributes to the disruption of cartilage
integrity in osteoarthritis (OA). Recently, it has been suggested that
activation of volume-sensitive Cl− current (ICl,vol) mediates cell shrinkage
triggering apoptosis (apoptotic volume decrease, AVD) in several cell
types. The present study was designed to investigate the effects of
a potent apoptosis-inducer, doxorubicin, on ICl,vol in rabbit articular
chondrocytes using whole-cell patch-clamp technique.
Methods: Preparation of chondrocytes: Rabbit cartilages were collected
from the knee joint, the glenohumeral joint or the hip joint of male
animals weighing 2.5 to 3.0 kg. The cartilage was dissected into slices
and then cultured in DMEM for 1–3 days. On the day of experiments,
chondrocytes were isolated by enzymatic digestion.
Patch-clamp recording: For the membrane current recording, a whole-cell
patch-clamp method was adapted to the freshly isolated cells. To record
ICl,vol with minimum contamination of other ionic currents, K
+ channel,
Ca2+ channel and Na+ channel were blocked appropriately. Furthermore,
stretch-activated nonselective cationic current was inhibited by external
application of Gd3+. Osmolarity of experimental solution was adjusted
with mannitol.
Microscopy and image analysis: Isolated chondrocytes were allowed
to settle onto the experimental chamber mounted on an inverted
microscope. The chamber was continuously perfused with bathing
solutions at the rate of 2–3ml min−1. Microscope images of chondrocytes
were recorded with a CCD digital camera (DS-Fi1, Nikon, Tokyo, Japan)
every 1 min, and the area of the cell image was measured using Image-J
public domain software (NIH, Bethesda, MD, USA).
Results: Exposure of isolated chondrocytes to doxorubicin (1mM)
resulted in an obvious increase in the membrane Cl− conductance
without any appreciable change in cell size. The doxorubicin-evoked Cl−
current exhibited many properties almost identical with ICl,vol phenotype,
including outward rectiﬁcation, prominent inactivation at large positive
potential (>+50 mV), inhibition by hyperosmotic cell shrinkage, and
sensitivity to ICl,vol blockers, arachidonic acid (10mM) or DCPIB (20mM).
Pretreatment of cells with 17b-estradiol (1 nM) dramatically inhibited the
ICl,vol activation by doxorubicin as well as subsequent apoptotic events
such as AVD and elevation of caspase-3/7 activity. It was unlikely that
17b-estradiol produced a direct action on ICl,vol, because it had little
effect on ICl,vol activated by hyposmotic cell swelling. On the other hand,
the effect of 17b-estradiol was signiﬁcantly attenuated by an estrogen
receptor blocker ICI182780 (10mM).
Conclusions: These results suggested that 17b-estradiol may prevent the
doxorubicin-induced apoptosis by interfering the activation of ICl,vol in
rabbit articular chondrocytes.
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INTERLEUKIN-1a ELICITS A CALCIUM RESPONSE IN CHONDROCYTES
IN SITU
M.K. Lorenzo, A.L. Clark. Univ. of Calgary, Calgary, AB, Canada
Purpose: Synovial inﬂammation involves the induction of catabolic
cytokines such as interleukin-1 (IL-1) that inﬂuence both bone and
cartilage homeostasis and play a signiﬁcant role in osteoarthritis. A
previous study, using enzymatically isolated chondrocytes and cartilage
explants cut clear of the underlying bone, demonstrated transient
increases in intracellular calcium ([Ca2+]i) after exposure to IL-1a. This
study involved disruption of chondrocyte/matrix interactions resulting
from digestion or bone removal. Undisturbed attachment to the
extracellular matrix has been shown to attenuate the [Ca2+]i response of
chondrocytes to osmotic stimuli – 20% of cells responding in undisturbed
cartilage compared to 65% of isolated cells. Based on these data we
hypothesized that IL-1a would elicit a signiﬁcant [Ca2+]i response in
chondrocytes on intact murine femora and that the percentage of
chondrocytes responding would be lower in this ex-vivo preparation
compared to previous studies using explants or cells in vitro.
Methods: All animal procedures were approved by the University of
Calgary Animal Care Committee. Skeletally mature mice (mass=24±4g
(mean ± sd)) were sacriﬁced and the femora isolated. The femora were
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incubated with the calcium sensitive ﬂuorescent dyes; Fura Red and
Fluo-4 and subsequently attached to a glass coverslip and immersed
in DMEM in a heated (37°C) perfusion chamber. Confocal images were
collected every 3.5 seconds for 12 minutes.
Fig. 1. An overlay of the Fura Red and Fluo-4 ﬂuorescent calcium images
of chondrocytes on a condyle of an intact murine femora. Scale bar =
50mm; original magniﬁcation 40× and 512×512 pixel resolution.
Following the ﬁrst 9 scans, the DMEM was removed and replaced with
0.1, 1, 10 or 55ng/mL IL-1a or the corresponding vehicular control (PBS).
A [Ca2+]i response was deﬁned as an increase in the ﬂuorescence ratio
Fluo 4/Fura Red >3 sd above background measured during the ﬁrst nine
scans. The percentage of cells responding with single or multiple ﬂuxes
was determined and statistically analyzed (c2, p < 0.05).
Results: Thirty percent of chondrocytes responded with [Ca2+]i when
exposed to 1, 10 or 55ng/mL IL-1a. This response was consistently
and signiﬁcantly greater than the corresponding vehicular controls. In
contrast, there was no signiﬁcant effect at 0.1 ng/mL IL-1a (Fig. 2).
Conclusions: Our data suggests that 1ng/mL is the threshold
concentration of IL-1a which exerts a signiﬁcant effect on chondrocytes
in intact murine femora. Such a threshold response may imply the
activation of the chondrocyte immunoglobulin IL-1 receptor. Thirty
percent of chondrocytes responded with [Ca2+]i ﬂuxes in a dose
independent manner, perhaps indicating a saturation of IL-1 receptors at
1 ng/mL IL-1a. This is in contrast to previous studies that have imaged
chondrocytes in explants or culture and reported a larger percentage
of cells responding in a dose dependent manner (24% at 0.1 ng/ml,
90% at10ng/mL in explants). Notwithstanding species (porcine/murine)
and diffusion contrasts between these studies, we hypothesize that
there is a saturation of the IL-1 receptors at 1 ng/mL IL-1a in intact
murine cartilage and that the integrity of the extracellular matrix
interactions with both the subchondral bone and chondrocyte membrane
inﬂuence both the number of chondrocytes responding and the dose
dependent characteristics of this response. In conclusion, these data
provide further evidence that the increased concentration of IL-1a
present in osteoarthritic joints has the ability to inﬂuence the biological
activity of chondrocytes in vivo.
Fig. 2. Graph of the percentage of cells responding as a function
of IL-1a concentration or vehicular control (PBS). Single or multiple
[Ca2+]i responses are indicated. a = signiﬁcantly different from the
corresponding vehicular control (p < 0.05). Data from >200 chondrocytes
from 3 independent femora were analyzed in each experimental group.
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GLUCOSAMINE SULFATE REDUCES THE PROSTAGLANDIN E2
PRODUCTION IN OSTEOARTHRITIC CARTILAGE THROUGH THE
INHIBITION OF mPGES-1
M. Kapoor, F. Mineau, H. Fahmi, J-P. Pelletier, J. Martel-Pelletier.
Osteoarthritis Res. Unit, Univ. of Montreal Hosp. Res. Ctr. (CRCHUM),
Montreal, QC, Canada
Purpose: Among the prostaglandins of the E series, PGE2 is one
of the major inﬂammatory/catabolic mediators involved in cartilage
degradation associated with osteoarthritis (OA). Moreover, several of
the effects of the catabolic cytokine, IL-1b, are mediated through the
stimulation of PGE2 production. As glucosamine sulfate (GS) has been
inferred to have a potential anti-inﬂammatory effect on OA symptoms,
we explored its effect on PGE2 in human OA chondrocytes and at which
level in the PGE2 pathway its effect takes place. This pathway includes
the cyclooxygenases (COX)-1 and -2, the terminal enzyme responsible
for PGE2synthesis, mPGES-1, as well as its co-factor glutathione and
its transcriptional signalling pathway, the early growth response factor
(Egr)-1. In addition, as PPAR-g activation inhibits IL-1b induced mPGES-1,
we also examined the effect of GS on this factor.
Methods: The effect of GS treatment (0.2, 1, and 2 mM) on human OA
chondrocytes (n = 5–8) was investigated in the absence or presence of
IL-1b (100 pg/ml). The expression levels (real time PCR) and protein
production/activity of PGE2, COX-1, COX-2, mPGES-1, glutathione, Erg-1,
and PPAR-g, using speciﬁc primers (expression), antibodies or assays
(protein), were determined.
Results: Data showed that GS treatment at 1 and 2 mM signiﬁcantly
inhibited (p≤0.03) the basal endogenous and IL-1b-induced PGE2
production. GS in both the absence and presence of IL-1b did not
signiﬁcantly modulate COX-1 protein production but, interestingly, GS at
1 and 2 mM demonstrated a decrease in COX-2 activity in that it reduced
the molecular mass of COX-2 synthesis from 72–74 kDa to 66–70 kDa.
Under IL-1b stimulation, GS signiﬁcantly inhibited the mPGES-1 mRNA
expression and synthesis at 1 and 2 mM (p≤0.02) as well as the activity
of glutathione (p≤0.03) and the Erg-1 (p≤0.05) at 2 mM. Finally, data
showed that in both the absence and presence of IL-1b, PPAR-g was
signiﬁcantly induced by GS at 2 mM (p≤0.02).
Conclusions: Our data further documents the potential mode of action
of GS at reducing the catabolism of human OA cartilage. GS inhibits PGE2
synthesis via a reduction in the activity of COX-2 and the production and
activity of mPGES-1. These ﬁndings may help explain the mechanisms
by which this drug exerts its positive effect on OA pathophysiology.
This study was supported in part by a grant from Rottapharm.
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ROLE OF POLYAMINES IN HYPERTROPHY AND TERMINAL
DIFFERENTIATION OF OSTEOARTHRITIC CHONDROCYTES
R. Borzì1,2, A. Facchini3, E. Olivotto1,2, D. Platano1, S. Pagani1, S. Cetrullo3,
S. Guidotti1, A. Facchini1,4, F. Flamigni3. 1Istituto Ortopedico Rizzoli,
Bologna, Italy; 2Dipartimento RIT, Laboratorio RAMSES, Istituto Ortopedico
Rizzoli, Bologna, Italy; 3Dipartimento di Biochimica, Universita` degli Studi
di Bologna, Bologna, Italy; 4Dipartimento di Med. Clinica, Universita` degli
Studi di Bologna, Bologna, Italy
Purpose: Polyamines are naturally occurring, positively charged
polycations able to control several cellular processes in different cell
types, by interacting with negatively charged compounds and structures
within the living cell. Several pieces of evidence from the literature
point at a role of polyamines in promoting chondrocyte differentiation.
Hence, we investigated the effects of exogenously added spermine or
spermidine in chondrocyte maturation recapitulated in 3D micromass
cultures, to tease out the effects on gene and protein expression of key
chondrogenesis regulatory transcription factors, markers and effectors,
as well as their posttranscriptional regulation.
Methods: Micromasses were seeded in control medium or in the
presence of either 5mM spermine or spermidine. We evaluated the effects
on molecular markers of chondrocyte differentiation at the level of gene
(real time PCR) and protein (western blot and immunohistochemistry)
expression as well as the effects on extracellular matrix deposition and
remodeling, and caspase activation and mineralization. The subcellular
localization of RUNX-2 in stimulated samples was investigated with
confocal microscopy.
Results: Both spermine and spermidine were able to increase the
rate and the extent of chondrogenesis, with enhanced collagen 2
